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Wednesday, February 11, 2015 601aconditions. Here, we report a miniature chamber for high-pressure microscopy
[1]. The chamber was equipped with a built-in separator, in which water pres-
sure was properly transduced to that of the sample solution. The apparatus
developed could apply pressure up to 150 MPa, and enabled us to acquire
bright-field and epifluorescence images at various pressures and temperatures.
We demonstrated that the application of pressure acted directly and reversibly
on the swimming motility of Escherichia coli cells. The present technique
should be applicable to a wide range of dynamic biological processes that
depend on applied pressures [2, 3].
[1] Nishiyama M. and S. Kojima. 2012. Bacterial Motility Measured by a Mini-
ature Chamber for High-Pressure Microscopy. Int. J. Mol. Sci.13: 9225-9239.
[2] NishiyamaM. et al. 2013. High Hydrostatic Pressure Induces Counterclock-
wise to Clockwise Reversals of the Escherichia coli Flagellar Motor. J. Bacte-
tiol.195: 1809-1814.
[3] Okuno D. et al., 2013. Single-Molecule Analysis of the Rotation of F1-
ATPase under High Hydrostatic Pressure. Biophys. J.105:1635-1642.
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Here we describe a Markov chain that accounts for hidden steps in the switching
mechanism of bacterial flagellar rotation. The bacterial flagellar motor appa-
ratus switches between counter clockwise rotation (CCW) and clockwise rota-
tion (CW) by a process that requires interactions between ligand-bound switch
subunits of the rotor and motor units of the stator. If the ligand, CheY, binding
to switch subunits shifts equilibrium between CCW and CW, i.e. simplest pro-
posed mechanism, the intervals between switches, dwell times, should be a
random variable of an exponential distribution. Because dwell times are actu-
ally gamma distributed, the switching mechanism has evidence for multiple
Poisson steps, which is characteristic of a Markov process. We are proposing
that the hidden steps of the switching mechanism are intermediates of the prin-
ciple thermodynamic states, CCW and CW, generated by rotation. At steady-
state, the intermediates factor out of the derived state function, but both the ther-
modynamic states and intermediates appear as statistical states of a Markov
chain. The state function determines the bias and the conditional probabilities
for all steps of the Markov chain except when rotation separates a switch sub-
unit, which must have unit probability. To obtain a continuous time random
walk, we applied the rotation rate to all conditional and unit probabilities of
the discrete Markov chain. Published dwell time distributions were fit best by
simulations that depend on bias alone regardless of the number of motor units
operating on a rotor. Because the bias in our model depends on the probability
that all motor units of a rotor interact with switch subunits that are ligand bound,
each motor unit contributes less to the free energy change required for a given
bias as motor units increase. Yet the probability of a switch remains constant.
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Historically, studies analyzing collective movements, biofilm formation, and
the emergence of pathogenicity in bacteria have focused on chemical signals
that elicit changes in cell behavior, while responses to physical cues have
only recently begun to garner attention. In contrast, the effects of changes in
mechanical properties of the environment on eukaryotic cells have been studied
extensively. It is known, for instance, that substrate stiffness can guide the
migration of epithelial and endothelial cells and has profound effects on cell
shape and division. Our research aims to examine how bacteria and bacterial
colonies respond to changes in the physical properties of their environment
(mechanical stress, stiffness, and surface topography) and to understand the
molecular mechanisms behind the response. Previous work showed that the
Gram-negative, biofilm-forming bacterium Myxococcus xanthus responds to
tension and compression of its substrate’s surface by forming elliptical colonies
that expand most rapidly perpendicular to the axis of compression. This
behavior, dubbed ‘‘elasticotaxis’’, was initially hypothesized to be important
for locating food sources. By combining physics-based modelling of the
stresses in compressed substrates with experimental data showing the corre-
sponding change in shape of M. xanthus colonies, we have established a linear
correlation between the mechanical stress in the substrate and the degree of the
elasticotaxis response. To identify the physical changes in the substrate that
elicit the elasticotaxis response, we are investigating whether compression ofthe agar substrate leads to changes in topography, such as wrinkling, or to
changes in material properties, such as polymer alignment. Recently, we found
that elasticotaxis is not unique to M. xanthus; our preliminary results suggest
many bacteria exhibit this behavior. Accordingly, we are examining whether
elasticotaxis is common to both gliding bacteria and swarming bacteria and
how it may affect biofilm formation.
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The emerging field of live cell nanoscopy and force spectroscopy could revo-
lutionize the way biologists explore the living cell at a molecular resolution.
Atomic Force Microscope (AFM) and force spectroscopy analysis have been
used to directly measure reversible physiochemical and specific binding inter-
actions between cells. Stickiness is important biofilm formation stage that could
also be measured at nN level. A significant source of foodborne illness results
from biofilms. These are caused by microorganisms that attach to surfaces and
grow as highly organized multicellular communities. This study examines the
impact of silver resistance on bacterial adhesion and its viscoelastic formation.
We present the first set of data that evaluates the elastic deformation of a bac-
terial cell surface upon evolution of silver resistance in E. coli MG1655 using
AFM compared to controls in 200 generations. The adhesion stickiness and
stiffness mean of the treated (evolved Ag resistant) and non-treated samples
were tested at nN level. The evolved samples had a significantly (P<0.05)
higher stickiness ratio and value (from 0.015 0.04 nN to 0.065 0.02 nN)
compared to the controls (non-resistant) strains (from0.015 0.02 nN
to0.045 0.02 nN). The highest difference of adhesion force happened on Gen-
eration 100. According to images of the bacteria in different generations, we
can see some major phenotype changes on the appearance at generation 100.
The MIC data for the non-evolved strains of E. coli MG 1655 through 200 gen-
erations were also significantly lower 38.585 10.09 mg/l compare to evolved
strains 272.255 153.94 mg/l (p<0.01). The experiment demonstrates impor-
tant features of phenotype modulation resulting from the evolution of Ag resis-
tance that will be further studied by this group.
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Secretion of extracellular polymeric substances into growth medium of bacteria
is the hallmark of forming biofilm-like structures. The morphological property
of such systems might depend upon the physical interactions of cells with ex-
tracellular polymeric substances(EPS). We have studied self-organization of
nonmotile rod-shaped bacterial cells growing on solid substrate in presence of
self-producing EPS, secreted into the growth medium in expanding colony. In
our individual-based simulation model of bacterial cells and EPS, all the parti-
cles interact mechanically via repulsive forces by pushing each other away as
bacterial cells grow and divide consuming diusing nutrient and produce EPS.
We show that mechanical interactions control the collective behavior of the sys-
tem, particularly, we show that the presence of nonadsorbing EPS leads sponta-
neous aggregation of bacterial cells by depletion attraction and generates phase
separated patterns in a nonequilibrium growing colony. This generic mechanism
powered by entropic forces could explain one of the possible ways to sponta-
neous aggregated structure formation and spatial heterogeneity in a biofilm.
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Chemotaxing bacteria gather information from the environment and use that to
control the balance between runs and tumbles in order achieve a biased motion
toward the source of a chemoattractant. We have examined the role of the tum-
ble angle on how effectively gradients are coupled into a bacterium’s trajectory.
Chemotaxis was simulated using the ZBP program, and the average tumble
angle varied from 0 to 180 degrees in the presence and absence of the normal
angle variance and/or rotational diffusion. 100,000 step (0.1 mm/step) trajec-
tories from these simulations where analysed using the k-space information
602a Wednesday, February 11, 2015metric to quantify how much information was reflected in the paths. For wild-
type bacteria the information in the trajectories is essentially constant across all
tumble angles (and several gradients). However, if either the angle variance or
the rotational diffusion is set to zero, distinct minima appear in the trajectory
information appear at 0, 90, and 180 degrees - and there are broad maxima
around 70 and 110 degrees. In simulations where both the angle variance
and the rotational diffusion are set to zero, the trajectory information exhibits
several more prominent minima, notably at 135, 60, and 45 degrees. We sug-
gest that these minima arise because angles that are small integer fractions of
180 or 540 degrees increase the likelihood of backtracking - thus reducing
the new space explored by the bacterium. When a bacterium does tumble, it
should do so in a way as to explore as much new space as possible in order
to optimize information gathering. Notably that is not 90 degrees, but one
maximum is close to the normal tumble angle of 68 degrees for E. coli.
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Enterotoxigenic Escherichia coli (ETEC) express a variety of fimbriae that
mediate adhesion to host epithelial cells. It has been shown that the ability of a
fimbriated bacterial cell to attach and stay attached to host cells does not merely
depend on the adhesin expressed distal of the fimbriae but also the biomechanical
properties of the fimbriae are vital for sustained adhesion. Fimbriae can signi-
ficantly extend under a constant force when exposed to an external force and
therefore reduce the load on the adhesin, which is believed to help bacteria to
withstand external forces applied by various body defense systems. Thus, it is
thought that the fimbrial shaft and adhesin have co-evolved for optimal function
when bacteria attach to host cells. To investigate if antibodies, normally found in
the intestines, affects the biomechanical properties of fimbriae, we exposed CS20
fimbriae expressed by ETEC to anti-fimbrial antibodies and measured these pro-
perties using optical tweezers force spectroscopy. Our data show a change in
the force required to extend the fimbriae and that the elasticity is significantly
reduced by the presence of antibodies. The reduced elasticity, likely due to
cross-linking of fimbrial subunits, could thus be another assignment for anti-
bodies; in addition to their mission in marking bacteria as foreign, our data indi-
cate that antibodies physically compromise fimbrial function. To further confirm
interaction of antibodies to their specific target we performed western blot anal-
ysis, transmission electron microscopy and immunofluoresence microscopy. In
the presence of antibodies, we suggest that our assay and results will be a starting
point for further studies aimed at inhibiting bacterial adhesion by antibodies.
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In most areas of biology, the principal confounding factor is the complexity.
Biology from the cellular level to the ecosystem involves the action of a multi-
tude of individuals that come together and achieve specific tasks. For example, at
the single cell level, the binding and unbinding of cytoskeletal proteins conspire
to allow a cell to move across surfaces or through the extracellular matrix. At the
tissue level, these motile cells act together to heal wounds or form cancer metas-
tases. Tissues come together to form organisms, which form societies, and so on.
Here we use dense communities of swimming bacteria to understand how collec-
tive behavior arises out of the actions of an individual. At high density, rod-
shaped bacteria produce complex fluid flows that include vortices and jets. These
flows arise partially due to the dipole forces that each bacterium exerts on the
surrounding fluid. By confining Bacillus subtilis or Escherichia coli within
Hele-Shaw cells of controllable depth, we probe how individual biophysical pa-
rameters, such as shape, speed, external drag, and chemotaxis, affect the result-
ing collective behavior in this system. We then compare our results to
predictions from a two-phase fluid model that is based on the single-cell physics
of a swimming bacterium. Comparison of our experimental and simulation re-
sults show that the collective behavior in this system is largely determined by
the biophysics of the single organism. The physics of these dense communities
has many similarities to actomyosin systems, as well as to collective systems of
epithelial cells. Therefore, our results are likely broadly applicable to a wide
range of problems in cell migration, from the single cell to the collective.3037-Pos Board B467
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Thermophilic F1 (TF1) is anATP-driven rotarymolecularmotor driven by sequen-
tial hydrolysis of ATP in three catalytic sites. Rotation occurs in steps of 120 per
ATP, and the 120 step is further resolved into 80-90 and 40-30 substeps. In the
standard coupling scheme,ATPbinding starts rotation fromanATP-waiting angle
at 0, and at ~200 the ATP is cleaved into ADP and Pi, and the ADP is released
around 240 after a third ATP is bound. Pi release is at 200 or 320, yet unsettled.
With human mitochondrial F1 (HF1), Suzuki (2014) has indicated different angle
dependence: cleavage occurs at 210 and Pi release at 305. A peculiar finding in
HF1was that supposedly slowly hydrolyzedATPgS not only lengthened the dwell
at 210 but tomuch greater extent the 305 dwell, implying that the thio-Pi release
is much slower than the ATPgS cleavage. We thus re-examined under a micro-
scope how ATPgS affects TF1. With fluorescently (Cy3) labeled ATPgS we
observed a remarkably long dwell at only 200 after its binding. With unlabeled
ATPgS mixed in ATP, we observed only one long dwell per ATPgS binding,
compared to two consecutive long dwells in HF1. The long dwell with unlabeled
ATPgS, presumably at 200, comprised two reactions with rates 460 s1 and 30
s1, compared to 2400 s1 and 820 s1 with regular ATP. We have yet to decide
which corresponds to cleavage and (thio-)Pi release, but kinetic difference from
HF1 is obvious: either (thio-)Pi release occurs at 200
 in TF1, or thio-Pi release
is not slow in TF1. Nonhydrolyzable Cy3-AMPPNP halted rotation at 200
 after
binding, implying that ATP cleavage occurs at 200 or before, a conclusion previ-
ously drawn on the assumption of slow cleavage of ATPgS and a mutant.Energy Transduction, Electron and Proton
Transfer, and Light Harvesting
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Staphylcoccus epidermidis does not invade healthy tissues. However, it has been
identified as amajor cause of nosocomial infections because of its ability to infect
polymer surfaces such as catheters or intra-cardiac valves, forming biofilms and
evoking a reaction from the host that eventually leads to removal of prosthesis. S.
epidermidis is responsible for 50-70% of catheter-related infections and 30 to
43% of perioperative implant infections. S. epidermidis can survive in a wide
range of environments and oxygen concentrations ([O2]). It may grow in atmo-
spheric oxygen levels, in micro-aerobic environments, including normal tissues
with [O2]¼ 3 to 5% and even in pathologically altered tissues where O2 tensions
may reach zero. S. epidermidis increases its propensity to form biofilms as [O2]
decreases. Bacteria may contain different terminal oxidases that allow them to
cope with different [O2]. Also, respiratory chain-branching aids the cell to sur-
vive in the presence of toxic substances. Understanding the plasticity of the res-
piratory chain is necessary to understand the physiology and pathogenicity of S.
epidermidis. In this species, we found two terminal oxidases expressed during
growth in different [O2]: bo is always present, while aa3 is expressed in aerobic
conditions but not in microaerophilic conditions nor in KCN plus a non-
fermentable carbon source. In Oxygen consumption experiments, the preference
for different substrates varied depending on [O2] exposure during growth.
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The bc1 complex is a central player in the conversion of energy into ATP synthe-
sis in photosynthesis and respiration, and its overall mechanism, the Q-cycle, is
well known. However, the quinol-protein interaction that initiates Q-cycle at
the Qo-binding site have not yet been described. Employing classical MD
